1. Introduction
===============

Distal radius fracture (DRF) is one of the most common types of fractures, and the incidence of this fracture appears to be increasing.[@R1] Between 2008 and 2011, the number of osteoporosis-related DRFs increased by 31.6%, and the annual total healthcare costs increased by 45.0% among Koreans.[@R2] DRFs can be a significant source of mortality and cause the loss of independence in elderly individuals. Wrist fractures contribute to clinically important functional decline in women of advanced age.[@R3] Additionally, a previous study reported that wrist fractures are associated with increased risk for another wrist fracture,[@R4] vertebral fracture,[@R5] and hip fracture\[[@R6],[@R7]\] incidence.

Previously, hip and spine fracture were associated with mortality in both sexes in many studies. However, there are inconsistencies among studies on the effect of wrist fractures on mortality. Several studies reported no significant association between wrist fractures and mortality.\[[@R8],[@R9],[@R10],[@R11],[@R12],[@R13],[@R14],[@R15],[@R16]\] Another study reported that patients who sustained wrist fractures had similar or improved early and medium-term survival compared to the general population,[@R17] and medicare beneficiaries had significantly lower mortality after DRFs than the general population.[@R18] In contrast, Rozental et al found a 14% decrease in the survival of elderly DRF patients compared with the general population,[@R19] and Oyen et al reported increased standard mortality ratios (SMR) in women aged \>70 years 5 years after DRFs.[@R20] Recently, Kwon et al reported that the average SMR for a patient age over 50 years is 1.12 (95% confidence interval \[CI\] = 1.08--1.15), indicating increased mortality associated with DRFs.[@R21] The variations in the cross-sectional study designs, the study populations, and overlooked confounders could explain the conflicting results of prior studies. The definitions of wrist and forearm fractures also influenced the inconsistent results in prior studies.

Because there are various direct and indirect effects of DRFs on mortality, they are predicted to be different in accordance with each cause of death. For instance, the direct effect of DRFs could be more influential on the risk of death due to physical trauma than on the risks of other causes of death. However, indirect effects, including functional level, feeding quality, and hygiene, could have adverse impacts on many medical diseases. Moreover, the causes of death could be different according to population characteristics, such as age. Most of the previous studies estimated the risk of all-cause mortality but did not specify each cause of death.\[[@R8],[@R9],[@R10],[@R11],[@R13],[@R15],[@R16],[@R17],[@R18],[@R19],[@R20],[@R21]\]

Although previous studies have reported adverse effects of DRFs on mortality, most studies were performed in elderly adult patients and paid little attention to confounding factors of mortality. Furthermore, most of these studies investigated the overall impact of DRFs on mortality without differentiating the specified cause of death. DRFs could increase the risk of trauma or falls due to balance deficits. The hypothesis of the present study was that DRFs could increase the risk of mortality through the direct effects of balance, such as death due to physical trauma, as well as through other indirect effects. To evaluate this hypothesis, each cause of death was separately analyzed for its association with DRFs. The possible confounders of age, sex, income, region of residence, hypertension, diabetes, dyslipidemia, ischemic heart disease, and stroke histories were adjusted to analyze the association between DRFs and mortality.

2. Materials and methods
========================

2.1. Study population and data collection
-----------------------------------------

The Ethics Committee of Hallym University (2014-I148) approved the use of these data. Written informed consent was exempted by the Institutional Review Board. Data from the Korean National Health Insurance Service-National Sample Cohort (NHIS-NSC) were collected and classified as in a previous study.

2.2. Participants selection
---------------------------

Out of the 1,125,691 cases with 114,369,638 medical claim codes, we included participants who were diagnosed with DRFs from 2002 through 2013 (n = 27,295). DRFs were defined as fractures of the lower end of the radius (International Statistical Classification of Diseases and related health problems \[ICD\]-10 codes: S525). The control participants were extracted from 1,098,396 patients who were never diagnosed with DRF from 2002 through 2013.

The DRF patients were matched 1:4 with the control group. The matches were processed for age; group; sex; income group; region of residence; and past medical histories of hypertension, diabetes mellitus, or dyslipidemia. To prevent selection bias when selecting the matched participants, the control group participants were sorted using a random number order and then selected from top to bottom. It was assumed that the matched control participants were medically involved at the same time as each matched DRF patient. Those in the control group who died before the involvement time of their matched DRF patients were excluded. DRF patients for whom we could not identify enough matching participants were excluded (n = 99). Patients who were diagnosed with DRFs who were under 50 years old were excluded (n = 14,032). Finally, 1:4 matching resulted in the inclusion of 13,164 DRF patients and 52,656 control participants (Fig. [1](#F1){ref-type="fig"}). However, they were not matched for the past medical histories of ischemic heart disease and stroke because these events were relatively rare.

![A schematic illustration of the participant selection process that was used in the present study. Out of a total of 1,125,691 participants, 27,295 DRF participants were selected. The DRF participants were matched 1:4 with a control group that were not diagnosed with DRF. Unmatched and \<50-year-old patients were excluded (n = 14,131). Finally, 13,164 DRF patients and 52,656 control participants were included. DRF = distal radius fracture.](medi-98-e18604-g001){#F1}

2.3. Variables
--------------

The patients' age, sex, income, and location were specified as variables. The causes of death were classified and categorized. Additionally, the past medical histories of the participants were evaluated using ICD-10 codes. Details are provided in the supplement file.

2.4. Statistical analyses
-------------------------

A chi-square test or Fisher exact test was used to compare the rate of mortality between the DRF and control groups according to the cause of death.

To analyze the hazard ratio (HR) of DRF on mortality, a Cox-proportional hazard model was used. In this analysis, crude (simple) and adjusted (age, sex, income, region of residence, hypertension, diabetes, hyperlipidemia, ischemic heart disease, and stroke histories) models were used. The 95% CI was calculated. Two-tailed analyses were conducted, and *P* values less than .05 were considered to indicate significance. The results were statistically analyzed using SPSS v. 21.0 (IBM, Armonk, NY).

3. Results
==========

The mean follow-up was 57.8 (standard deviation \[SD\] = 40.3) months in the DRF group and 58.0 (SD = 40.4) months in the control group.

Age, sex, level of income, and region of residence were matched between DRF patients and the control participants (Table [1](#T1){ref-type="table"}). The DRF group showed a significantly higher ratio of stroke (*P* = .006) than the control group.

###### 

General characteristics of the participants.
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The mortality rate was not significantly higher in the DRF group than in the control group. The crude and adjusted HRs of mortality in the DRF group were 1.03 (95% CI = 0.97--1.10, *P* = .298) and 1.04 (95% CI = 0.98--1.11, *P* = .237), respectively (Table [2](#T2){ref-type="table"}). In the subgroup analyses according to age and sex, the adjusted HR of mortality was not different for age. The DRF group showed an increased HR and adjusted HR of mortality in the only men subgroup (adjusted HR = 1.19, 95% CI = 1.05--1.35, *P* \< .007) (Table [3](#T3){ref-type="table"}).

###### 

Crude and adjusted hazard ratios (95% confidence interval) of distal radius fracture for mortality.
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###### 

Subgroup analysis of crude and adjusted hazard ratios (95% confidence intervals) of distal radius fracture for mortality according to age and sex.
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The mortality ratios according to the cause of death were analyzed (Table [4](#T4){ref-type="table"}). In the DRF group, the odds ratio (OR) of overall mortality was 1.03 (95% CI = 0.97--1.11, *P* = .329). Mortality by digestive disease was higher in the DRF group than in the control group (OR = 1.41, 95% CI = 1.00--1.98, *P* = .048). Mortality caused by infection, neoplasm, metabolic disease, mental disease, neurologic disease, circulatory disease, respiratory disease, and muscular disease were not significantly different between the DRF and control groups.

###### 

The difference in mortality between the distal radius fracture and control groups according to the cause of death.
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4. Discussion
=============

Our findings (adjusted HR 1.04) were consistent with those of previous studies, which found similar or reduced mortality rates in patients with DRFs, with HRs ranging from 0.58 to 1.94\[[@R9],[@R17],[@R18]\] and risk ratios (RRs) ranging from 0.8 to 3.5.\[[@R8],[@R10],[@R11],[@R13],[@R15]\] However, most previous studies were performed in Western countries, and data from Asian patients have rarely been reported. A recent study in Korea found that the mean of SMRs of DRFs at 1-year postfracture was 1.45 in men and 1.17 in women in the over 50 years age group.[@R21] However, we cannot compare their results to ours given their different study design; the previous study used only the cumulative mortality rate within the first 12 months, not the overall mortality. To our knowledge, ours is the first study to demonstrate that DRFs were not associated with increased mortality in a national cohort even after adjusting for age, sex, income, region of residence, and past medical histories (hypertension, diabetes, dyslipidemia, ischemic heart disease, and stroke histories); this is also the largest study of its kind to date. The present study extended observations made by prior studies by analyzing the impact of DRFs on the specific disease-related risk of mortality. The adjusted HR of our study (1.04) was relatively lower than those in previous studies; however, this is of little relevance owing to the major heterogeneity among the study methodologies and designs. Among previous publications, 5 did not include patients younger than sixty[@R11] or 65 years old,\[[@R8],[@R14],[@R18],[@R19]\] 5 did not classify patients by age group,\[[@R9],[@R13],[@R15],[@R16],[@R19]\] 8 did not define the outcome event unequivocally as overall mortality,\[[@R8],[@R9],[@R11],[@R17],[@R18],[@R19],[@R20],[@R21]\] and 4 did not include sufficient data to estimate the RR or HR with a 95% CI.\[[@R8],[@R11],[@R16],[@R18]\] Only patients with an exact fracture of the lower end of radius were selected in the present study. In addition, the inclusion of a young population, that is, not confining the population to an elderly population, increased the accuracy of mortality in this study.

DRFs were not associated with increased overall mortality in this study, but an increased HR and adjusted HR of mortality was observed in the only men group. Morin et al reported an increased risk of mortality in men after wrist fracture (RR 1.5; 95% CI 1.2--1.9) within the first year postfracture.[@R10] Kwon et al also reported that the mean year mortality over 5 years in men with DRF (2.6%) within the first 12 months was 1.7 times higher than that in women (1.5%).[@R21] The present report is the third report of increased mortality in men with wrist fractures.

The OR of overall mortality in men with DRFs was 1.16 (95% CI = 1.02--1.33, *P* = .026), and this group showed a higher OR than the control group for mortality by trauma (Supplementary Table 1). Patients who sustained wrist fractures were nearly 5 times more likely to experience another wrist fracture[@R4] or a vertebral fracture.[@R5] A previous study reported that in elderly women, prior wrist fracture was a risk factor for radiographic vertebral fracture and was associated with an 43% age-adjusted excess rate of incident hip fracture.[@R6] Cuddihy et al reported that among women, vertebral fractures were associated with a 5.2-fold increase in risk and among men, a 10.7-fold increase in risk following a first distal forearm fracture.[@R5] Men with DRFs may be exposed to complex, multiple traumas or have weaker bones than healthy men.

There were several strengths in the present study. This study was based on an extremely large national population and was verified by a previous study. Because the NHIS data include all citizens without exception, there were no missing participants. While many previous studies focused on elderly adult patients or women of advanced age, the present study enrolled patients who were 50 years or older. The control participants were randomly selected and matched for age, sex, income, and region of residence to avoid confounding effects. Because income and region of residence determine the availability of medical care, the matching of these variables was important, and income was accurately collected based on the Korean NHIS data. Furthermore, an adjusted hazard model was used to minimize confounding by age; sex; income; region of residence; and hypertension, diabetes, dyslipidemia, ischemic heart disease, and stroke histories. To evaluate the specific effects of DRFs on each cause of death, the ORs for all the causes of death were separately analyzed. Finally, all wrist fracture patients were defined as presenting fracture of the lower end of the radius (ICD-10 codes: S525).

However, there were some limitations in the present study. Some potential confounders for mortality, including smoking, obesity, and body mass index, could not be considered in this study due to the lack of information in the NHIS-NSC database. It would be desirable to add a description of factors such as Irisin hormone[@R22] or platelet volume[@R23] that could affect the union after fracture. Second, the bone mineral density of DRF patients was not available in the NHIS-NSC data. Third, the heterogeneity of injuries and treatment modalities of DRFs could affect the association with the risk of mortality. Fourth, participants who received physical therapy or rehabilitation could not be determined. Fifth, the severity of each of the fractures related to death could not be assessed. Sixth, the control participants could have had other forearm fractures, and their effects on the risk of mortality remain to be elucidated. Seventh, there is no data on the timing of individual deaths; it would be better if we could reveal the relationship between mortality and the time of death. Finally, our data did not provide information on whether surgery was performed and the type of surgery. It would be more helpful if the relationship between surgery and mortality could be identified. As the purpose of the present study was to estimate the risk of mortality in DRF patients according to the cause of death, our data did not provide information on whether surgery was performed. If DRF patients were associated with increased overall mortality, evaluation of the method of treatment was beneficial. As with tibia,[@R24] the use of percutaneous plating has been reported in patients with DRF.[@R25]

5. Conclusion
=============

DRFs were not associated with increased overall mortality in this study, but there was an increased HR and adjusted HR of mortality in the only men subgroup. The DRF group showed a significantly higher ratio of stroke than the control group. The mortality ratio related to digestive disease was high in both men and women, and trauma as the cause of death was more likely in men with DRFs.
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